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Youth are proliﬁc users of cell phone minutes and text messaging. Numerous programs using short
message service text messaging (SMS) have been employed to help improve health behaviors and health
outcomes. However, we lack information on whether and what type of interaction or engagement with
SMS program content is required to realize any beneﬁt.
We explored youth engagement with an automated SMS program designed to supplement a 25-session
youth development program with demonstrated efﬁcacy for reductions in teen pregnancy. Using two
years of program data, we report on youth participation in design of message content and response fre-
quency to messages among youth enrolled in the intervention arm of a randomized controlled trial (RCT)
as one indicator of engagement.
There were 221 youth between the ages of 14–18 enrolled over two years in the intervention arm of the
RCT. Just over half (51%) were female; 56% were Hispanic; and 27% African American. Youth were sent
40,006 messages of which 16,501 were considered bi-directional where youth were asked to text a
response. Four-ﬁfths (82%) responded at least once to a text. We found variations in response frequency
by gender, age, and ethnicity. The most popular types of messages youth responded to include questions
and quizzes. The ﬁrst two months of the program in each year had the highest response frequency.
An important next step is to assess whether higher response to SMS results in greater efﬁcacy. This
future work can facilitate greater attention to message design and content to ensure messages are engag-
ing for the intended audience.
 2015 Elsevier Inc. All rights reserved.1. Introduction
Youth utilize cell phones in substantial numbers to communi-
cate, using text messaging with frequency. Recent data suggest
that youth use cell phone minutes and text messaging more than
other groups [1–3].
There is a growing body of literature that demonstrates that
technology-based health promotion programs operating as
stand-alone educational interventions can work to increase physi-
cal activity, improve nutrition, reduce smoking, and improve sex-
ual behavior. Meta-analyses of Internet and cell phone text
messaging programs demonstrate their efﬁcacy for facilitating
improvements in knowledge and behavior change [4–8]. Most
recently, a meta-analysis of health related text-messagingprograms shows that programs with a strong theoretical frame-
work, tailoring and personalization and variations in message fre-
quency over time had greater effects than programs without these
features [4].
Research has demonstrated the promise of using social media
and cell phones for interventions to reduce sexual risk behavior
[9–13]. The 411 program, for example, was developed speciﬁcally
for young Black men aged 16–20 and illustrates the utility of
speciﬁcally targeting minority youth using text messaging; data
from the 411 program showed that youth, in particular youth of
color, will indeed enroll and engage in a cell phone intervention
and stay in the program over time [14].
Stand-alone technology-based initiatives have potential for
substantially greater reach than face-to-face interventions, and
evidence shows their short-term small to medium effects are
equivalent to non-technology-based programs [6]. However, we
have identiﬁed at least two concerns with technology-based health
promotion and disease prevention programs that exist only in
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clinical program. First, the ever-increasing number of websites,
Internet-based programs, games and apps makes it difﬁcult for a
health promotion and disease prevention program to stand out in
a compelling way to compete for and sustain attention. This surfeit
of venues limits the opportunities to realize the promise for using
technology to reach large numbers of the population. Second,
health educators and clinicians in well-established and credible
service organizations miss valuable opportunities to connect with
and support their clients when they do not have an Internet and/or
social media presence, particularly with technology ‘‘natives,’’ i.e.,
persons born after the advent of the Internet age who expect to
access and communicate with care providers and educators via
social and mobile media.
We were interested in exploring the viability of promoting
‘‘hybrid’’ health education and disease prevention programs, link-
ing effective face-to-face and technology-based efforts. We antici-
pate that doing so could substantially extend the reach of health
promotion and disease prevention programs, intensify their effects,
and increase their sustainability over time. These strategies com-
bined with systematic efforts to design theory-based, tailored text
message programs could result in public health programs with
greater population effect.
A fundamental barrier to our understanding of how to improve
the impact of technology-based programs—stand-alone or hybrid—
is the type and degree of participation and interaction with content
required to realize effects. While the literature on text messaging
programs identiﬁed here does demonstrate their efﬁcacy, we know
little about the types of messages that resonate and are popular
with audiences. This is a critical ﬁrst step preceding inquiry into
how much exposure is needed to generate and sustain effects
and whether and how much participation and interaction—we
label this ‘‘engagement’’—with content via bi-directional messag-
ing, commenting, or responding to messages is necessary to expe-
rience beneﬁts from exposure to programs.
The objective of this paper is to identify characteristics of SMS
that elicit a response from adolescents as part of a large random-
ized trial of SMS messaging used to supplement a group-level,
evidence-based teen pregnancy prevention program (Wyman’s
Teen Outreach Program, or TOP). We ﬁrst describe a qualitative
study in which ﬁndings from focus groups and individual inter-
views contributed to the development of the SMS message library
used in the trial. We then describe preliminary quantitative ﬁnd-
ings from the trial documenting youth interaction with messages.2. Materials and methods
We collected formative data to facilitate program design and
implementation data to monitor process for a cluster-
randomized trial, partnering the Boys & Girls Clubs of Metro
Denver with the Denver Public Health Department and the
Colorado School of Public Health. The TOP curriculum is delivered
once per week in a one-hour session over 25 weeks in eight Boys &
Girls Clubs each year and four of these clubs are randomly selected
each year to offer the text message supplement, delivered by
Denver Public Health via an automated text message platform.
Investigators at the Colorado School of Public Health are evaluating
the program and the Colorado Multiple Institutional Review Board
has reviewed and approved all study methods, including the qual-
itative focus group discussions and in-depth interviews as well as
the randomized trial. Participants offered their written informed
assent for all qualitative activities described here following a
description of the study by the focus group moderator and inter-
viewer. For the trial, participants reviewed a video in a computer
lab in their respective Boys & Girls Club describing the study asan assessment of a text message program to enhance an effective
teen pregnancy prevention program (TOP). The video described
study procedures. Following the video, youth were asked to docu-
ment their assent via a self-administered survey online prior to
completing study assessments. We received a waiver of parental
consent for youth participation. The trial was designed to run for
four years, generating a total of 16 clubs receiving standard TOP
and 16 receiving standard TOP and the text message supplement.
All participants were incentivized to participate in TOP with a
pro-rated stipend of $2.50 per session attended. They were further
incentivized to complete study assessments with a $10 incentive
for completion of the baseline assessment and $15 each for com-
pletion of assessments at 9 months and 21 months after enroll-
ment. No additional incentives were offered for participation in
the text message supplement.
2.1. Formative data collection and analysis
Formative data were collected through six focus group discus-
sions with 59 youth in Boys & Girls Clubs and from 12
one-on-one semi-structured in-depth interviews with youth par-
ticipating in a one-month pilot of the text message and TOP pro-
gram prior to implementation. Topics covered in the focus groups
and in-depth interviews included motivations for and context of
text messaging; text messaging habits (e.g., whom participants
text, for what purpose, and how often); solicitation of ideas to
make text messages memorable and engaging; and solicitation of
responses to initial text message drafts. We completed a content
analysis on data from these qualitative focus group discussions
and interviews. Coding and analysis of data were facilitated by
use of Atlas Ti, enabling the investigators to code, index, and
retrieve participant responses containing key themes, concepts,
or events, and group these into larger categories. Prior to data col-
lection, an initial codebook was created containing codes and cat-
egories (groups of codes) of themes, concepts, events, people,
actions, and things we anticipated would be encountered in the
data (e.g., youth preference for humorous text messages, cultural
references like song lyrics). These a priori codes were also based
on youth preferences the investigators expected to identify based
on the literature. Coding strategies were based on the grounded
theory techniques of open, axial, and summary coding, as
described by Strauss and Corbin [15]. Open coding was used to
name and categorize key concepts, categories, and patterns of
experience, by breaking down, examining, comparing, and group-
ing phenomena. Axial coding was used to specify the relationship
of categories to the phenomenon under study—in this case prefer-
ences for time of day for messages, and gender-deﬁned preferences
for message content. Finally, summary coding synthesized ﬁndings
into key actionable strategies for message development.
These analyses allowed us to develop a text message library as
well as a schedule for sending messages throughout the duration of
the program. Given the strong empirical evidence supporting the
use of behavior change theory in health promotion, our messages
supported positive attitudes, norms, and intentions at the individ-
ual level to facilitate behavior change [16,17]; helped to build skills
and conﬁdence to perform skills (self-efﬁcacy) [18]; and offered
unambiguous role modeling and tailoring to individuals to support
healthy behaviors [19]. In addition, our message design drew from
a strong body of health communication literature that suggests
that messages that are positively framed can be more effective
[20] and that we can use real time cues to help people act in the
most relevant moment to implement change. Conclusions from
the literature suggest that messages do not necessarily need to
convey content that readers will highly value [21]. Instead, mes-
sages can contain content that is of peripheral value to the reader,
and still be useful if they offer an immediate opportunity to act
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nearby drug store or a reminder to take a contraceptive pill.
Following the iterative message development with youth from
Boys & Girls Clubs described in brief above and in greater detail
in Devine et al. [22], we ﬁnalized messages to increase their appeal
and adapt them for a text messaging platform, using such features
as quizzes, polls, and links to websites with video and/or additional
content on particular topics. Additionally we tailored some mes-
sage content for selected messages based on gender, age, and
race/ethnicity; all youth would receive messages in the same for-
mat (via quiz or poll or link) but tailored messages varied content.
Youth input also contributed to ﬁnal decisions for text message
program intensity (i.e., number of messages per day) and duration.
Because some messages rely on popular culture—e.g., lyrics from a
popular song—we reviewed messages annually to ensure contin-
ued relevance and resonance with the target audience. Examples
of our text messages are shown in Table 1. There are three different
categories of messages:
– Program content messages: Messages were developed that sup-
ported and enhanced the TOP curriculum lessons and included
a variety of bi-directional message types. These include:
Questions, where youth can respond to queries about relevant
TOP topics; quizzes, where youth can send a response to a mul-
tiple choice question and then receive a reply with the correct
answer; ‘‘myth/fact’’ where youth can guess if something is true
or false; follow-ups, where youth were asked about their expe-
rience in TOP activities; and polls, where participants vote on
their preference for a response and later receive a message with
the results. Unidirectional messages from the system that do
not request a response are ‘‘fun facts’’, videos, quotes, and other
messages. These messages offer information relevant to sexual
and reproductive health, links to resources, and inspirational
quotes from popular ﬁgures. Selected unidirectional and
bi-directional messages were tailored for gender, race, and
ethnicity.
– Event-based messages: Reminders for TOP club meetings, com-
munity service events, and other event-speciﬁc messages were
developed. These are tailored to speciﬁc clubs, and can be uni-
directional messages providing TOP club information or
bi-directional weekly messages reminding youth that a TOP
session is scheduled and inviting them to respond if they are
planning to come.Table 1
Examples of text messages sent to TOP Participants.
Type Content
Question TOP&theClub: If ur friend got pregnant, what would u tell her to
Quiz TOP&theClub: Where do people in Colorado volunteer most? 1 =
3 = religious places 4 = other/unsure
Club reminder TOP&theClub: Ur TOP club will meet at <club name> on <date> a
1 = yes, 2 = no, 3 = not sure
Myth-Fact
(tailored for
gender)
Female: Myth/Fact: If a guy wants to have sex, it’s his responsibilit
2 = fact 3 = unsure. Male: Myth/Fact: If a girl wants to have sex, it
control. 1 = myth 2 = fact 3 = unsure
Myth-Fact- TOP&theClub: Myth or Fact: ‘‘Less than 50% U.S teens are having
3 = unsure
Myth-Fact- TOP&theClub: It’s a myth! The Centers for Disease Control reporte
having sex. Not every1 is doing it
Poll Will an unplanned pregnancy prevent you from reaching your go
3 = unsure
Fun fact TOP&theClub: 1 out of 3 teens say that it’s hard to talk about co
important? Learn to how to talk about it!
Quote TOP&theClub: ‘‘Communication is key.’’ ‘‘Be polite...you don’t star
ever, you know.’’ -Ice Loves Coco– Responses to unsolicited incoming messages: These included mes-
sages used to answer questions and direct participants to
appropriate resources when participants responded unexpect-
edly to an outbound message. These message protocols were
put in place to ensure that participants received timely and
accurate support and referrals for care as needed.
We sent between 5 and 6 messages each week, alternating
between these message types each week over the whole program
period to ensure consistency in delivery of message type over time.
2.2. Process data collection and analysis
We used an electronic text message system to automate and
disseminate text messages for the program. In order to select a text
message system, we ﬁrst identiﬁed basic functionality require-
ments. We needed a fully automated system that could be stan-
dardized and easily replicated. We needed a system that would
send out messages (outbound) and be able to respond to messages
(inbound) with a standard response, including responses created
through branching logic to tailor responses.
We utilized the Patient Relationship Management (PRM) sys-
tem as our text message platform. PRM is a custom version of
the Microsoft Dynamics Client Relationship Management (CRM)
software package. This system has been modiﬁed by EMC
Consulting to meet Denver Public Health needs for patient care
management [23]. Although commercially available platforms
offer similar functionality, we selected PRM in order to capitalize
on other text messaging programs under development at Denver
Public Health and to obtain technical support for the system.
The PRM system operated as a fully automated system after
message content and structure were uploaded into PRM prior to
the start of program delivery. The functionality of PRM determined
the structure, format, and delivery of the text messages. For exam-
ple, messages were not more than 155 characters in length and
PRM used one of 10 different long codes (area code plus
seven-digit phone numbers) to send each message to a partici-
pant’s phone. Additionally, the system was programmed to deliver
messages outside of school hours in the afternoon and early eve-
ning (between 3 p.m. and 9 p.m.). The system linked initial out-
bound messages and associated auto-replies, allowing a
participant’s inbound response content to trigger the appropriate
auto-reply (for example, a correct response to a quiz sent a positive
acknowledgement auto-reply). Thus, the system was designed toDesired theoretical outcome Character
count (155
max)
do? Social Support 68
hospitals 2 = education/schools Civic Engagement 122
t <time>. Will u go? Reply Cue to Action 109
y to get the condoms. 1 = myth
’s her responsibility to get birth
Norms 94 (females)
97 (males)
sex.’’ Reply 1 = myth 2 = fact Norms 97
d tht only 43% of U.S teens are 132
als? Text 1 = yes; 2 = no; Improved Future Orientation
(social capital theory)
106
ndoms. Think safe sex is Positive Norms re: Healthy
Communication
131
t taking each other for granted Role Modeling for Healthy
Communication
128
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received your response’’ or with messages tailored to participant
response to quizzes, polls, or myth/fact questions, (e.g., ‘‘The cor-
rect answer is ‘myth’: two condoms are NOT better than one!
Check out this link for details on using condoms’’).
2.3. Reaching program participants
During the consent and enrollment process for the randomized
trial at the start of each implementation year, participants were
asked to provide their personal mobile phone numbers, which
were then veriﬁed by study staff to be mobile numbers.
Veriﬁcation occurred using a third-party service which identiﬁed
each phone number as a mobile phone, landline, Voice over IP
(VoIP), or web-based number (e.g. Skype, Google Voice, etc.).
TOP program facilitators in intervention clubs offering the text
message supplement were notiﬁed to follow up with participants
who provided non-mobile or invalid phone numbers or who pro-
vided no phone number. A monthly contact information update
formwas completed by all youth, allowing study staff to verify that
participants’ mobile phone numbers were accurate in the PRM sys-
tem. Updates to mobile phone numbers were made and docu-
mented throughout the implementation period.
To reach participants who did not have personal mobile phones
or who temporarily lost access to their phones (e.g., lost or broken
phone), the free web-based VoIP service, Pinger Textfree for Web,
was used to send program text messages via an online site. TOP
program facilitators worked with participants to set up individual
Textfree accounts as needed. Text messages were sent to these
Textfree numbers and participants are able to check Textfree
accounts on any web-enabled device, including computers at their
program implementation sites.
2.4. Setting up the SMS system
At the beginning of each implementation year, after enrollment
of each new cohort of study participants, we created proﬁles for all
intervention participants including basic demographic information
and mobile phone numbers to store in the PRM system. These pro-
ﬁles were added to custom lists that were used to tailor text mes-
sage communication by various participant characteristics
including the speciﬁc Boys & Girls Club where the participant is
part of a TOP club, gender, age, and race/ethnicity.
We responded to ‘‘stop’’ requests by asking participants to
speak with their program facilitator; participants who wished to
withdraw from the study could do so, but were reminded they
were no longer eligible for research study incentives associated
with participation.
2.5. SMS data collection
The PRM SMS system stores data about text message activity. In
addition to the manually uploaded demographic and contact infor-
mation provided by participants, data ﬁelds collected included out-
bound text message content, inbound responses, message delivery
status, message category, and other relevant information.
2.6. Analysis of SMS message engagement
We reviewed the total number of text messages sent, and doc-
umented the number of responses to bi-directional text messages
per participant. These data were analyzed to document overall
and mean participant response frequency and we employed chi
square, z test, and ANOVA analyses to identify any statistical differ-
ences in participant response frequency by demographic charac-
teristics including age, gender and race/ethnicity.We also examined message response in the aggregate, by look-
ing at the total number of messages sent by participants in
response to all bi-directional messages. We then reviewed these
response frequencies by message type, i.e., question, quiz, club
reminder, myth/fact, polls and club reminders and by content as
it related to the eleven curriculum elements of TOP, such as vol-
unteering, gender roles, inﬂuence, decision making, as reported in
Devine et al. [22] Finally, we explored the frequency of response
over time.3. Results
3.1. Participant characteristics
Participants in formative focus group discussions (N = 59) and
in-depth interviews (N = 12) designed to inform message develop-
ment were primarily Latino/Hispanic (71%) and African American
(24%); the remainder was mixed race or White. Just over half
(51%) of participants were female. Participants’ ages ranged from
14 to 18 years old.
In two years of program delivery, we enrolled 457 participants
in 16 TOP clubs at eight Boys & Girls Clubs (2 TOP clubs in each
of the eight Boys & Girls Clubs). There were 233 participants ran-
domized to the text messaging intervention arm of the study, of
whom 221 received at least one text message and are included in
these analyses. The remaining twelve participants were enrolled
at intervention sites at the beginning of the study year, but did
not provide a working mobile phone number and program facilita-
tors were unable to get the participants set up with the Textfree
alternative method for receiving messages. There were no demo-
graphic differences between these 11 participants and the 221
who remained enrolled.
Demographic characteristics for the 221 participants enrolled in
the intervention arm of the trial and receiving messages in the ﬁrst
two years of programming are shown in Table 2. The majority of
participants self-reported as 14 or 15 years old, Hispanic, and using
mobile phones.3.2. Text message program response frequency
In total, 40,006 text messages were sent to the 221 program
participants. Of these, 16,501 messages were bi-directional mes-
sages that requested a response (e.g., quizzes, polls, etc.). The
remaining 23,505 messages were unidirectional and did not
request a response (e.g., facts, resources, auto-reply messages).
Each participant was sent an average of 74.6 messages. We
received 2764 responses to the 16,501 bi-directional messages
(16.8%).
Among 221 intervention participants, 41 (18.5%) did not
respond to any of the text messages they received. Just over
one-ﬁfth (21.6%) responded to between 1 and 3 messages, and just
under one ﬁfth (19.8%) responded to between four and nine mes-
sages. The remaining 40.1% responded to ten or more messages.
Participants responded an average of 12.5 times to bi-directional
messages overall. The number of responses among participants
varied based on participant characteristics and message category.
There were statistically signiﬁcant differences by age, ethnicity,
and gender (p = .001). Participants ages 16 and 18 responded more
frequently (an average of 18.6 and 19.3 responses received per par-
ticipant over the program year) as did Hispanic (14.2 messages
compared to 11.0 for non-Hispanic), and female (15.2 messages
compared to 9.7 for male) participants. Fig. 1 shows these data.
Taken in aggregate, we received responses to 2764 of 16,501
bi-directional messages (16.8%). When examining response by
message type as shown in Table 1 above we documented that
Table 2
Selected characteristics of program participants enrolled to date.
Participant characteristic (N = 221)* % (n)
Age**
14 years 39.5 (87)
15 years 27.7 (61)
16 years 20.0 (44)
17 years 10.9 (24)
18 years 1.8 (4)
Sex
Female 51.1 (113)
Male 48.9 (108)
Race
American Indian and Alaska Native 8.1 (18)
Asian 0.5 (1)
Black or African-American 27.1 (60)
Other Race or No Response+ 42.5 (94)
Unknown 5.0 (11)
White 16.3 (36)
Ethnicity
Hispanic 55.7 (123)
Non-Hispanic 41.6 (91)
Unknown 2.7 (6)
Phone type
Mobile phone 78.3 (173)
Textfree service 19.0 (42)
Other 2.7 (6)
* Table includes characteristics for the 221 program participants who received at
least one text message within the program year; totals do not add to 100% because
of missing values.
** Age was calculated as of September of the program year.
+ The majority of those who indicate ‘‘other race’’ or ‘‘no response’’ identify as
‘‘Hispanic’’ ethnicity.
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(18.8% of outbound messages received a response), followed clo-
sely by quizzes (17.6%), club reminders (17.4%), polls (16.0%), and
myth/facts (16.4%). There were statistically signiﬁcant differences
in these responses by type (p = 0.001), but we caution that theseFig. 1. Average response frequency per partﬁndings were likely because of the extremely large sample. The
statistically signiﬁcant popularity of the question versus quiz for
example may simply be an artifact of sample size. The median
number of responses across the sample was 72; responses grouped
into quartiles show that the lowest number ranged from 0 to 67
(N = 66) followed by those responding to between 67.1 and 72
messages (N = 53), and those responding to between 72.1 and 86
messages (N = 50) and ﬁnally those responding to between 86.1
and 139 messages (N = 52).
Responses were also analyzed by ‘‘content’’ area corresponding
to the curriculum elements of TOP. Texts about gender roles
(19.7%), values (19.5%), goal setting (19.4%), volunteering (17.2%),
sexuality (16.7%), and relationships (16.1%) received the highest
numbers of responses (average responses by topic shown in paren-
theses). Response averages for the other ﬁve curriculum elements
ranged in frequency from 15.1% (decision-making and inﬂuence
each) to health and hygiene (9.6%). Other topic areas covered in
the curriculum include development (14.7), communication
(13.6). Differences in response rates between the content areas
shown in Fig. 2 and the other topics were signiﬁcant (p = .001).
Responses to bi-directional text messages decreased over the
course of the program year. Each program year started in the fall
(late September or October) and ended in May. Response frequency
decreased throughout the year with a slight increase in January
when participants returned to programming after winter break.
Fig. 3 shows the percentage inbound messages received in
response to outbound messages received over time. The difference
in responses by month were signiﬁcant (p = 0.001).
3.3. SMS program implementation
We experienced several barriers to participants consistently
receiving text message programming. Some of these barriers were
technical (e.g., phone issues, text system issues) and others were
individualized issues (e.g., stop requests received).
For participants using mobile phones (78.3% of all participants),
there were frequent issues with mobile phones being broken, lost,icipant by demographic characheristics.
19.7
19.5
19.4
17.2
16.7
16.1
Gender Roles
Values
Goal Setting
Volunteering
Sexuality
Relationships
Fig. 2. Percent response frequency by message content to outbound messages
requesting a response.
Fig. 3. Percent response to messages requesting a response by month, 2011–2012
and 2012–2013.
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Participants using the web-based Textfree service to receive mes-
sages (19.0%) were able to access their text messages from any
web-enabled device, but these Textfree accounts expired after four
weeks of inactivity, leading to some participants needing to be
periodically re-enrolled with new accounts. Participants using
Textfree were also less likely to respond to messages (average
1.8 responses per participant) compared to participants using a
mobile phone (average of 15.1 responses), other web-based texting
capability (average of 13.2 responses).
Some participants also opted-out of programming; in total, 79
‘‘stop’’ request messages were received from 35 unique partici-
pants. The most ‘‘stop’’ requests were received in November (11
participants) and January (10 participants) and were more likely
to come from younger participants (ages 14 and 15 year of olds,
13 participants each). Some of these stop requests were due to
incorrect numbers (e.g., participant gave out a family member’s
mobile number, Textfree account number expired and was
re-assigned, etc.) and others were from participants who wished
to opt-out from the text message programming. The majority of
participants with ‘‘stop’’ requests ultimately chose to remain in
the program after speaking with a facilitator. Facilitators reported
that these were primarily participants who had stopped attendingthe TOP sessions. Facilitators indicated that after a brief review of
the purpose of the program, participants generally agreed to con-
tinue receiving messages. Delays in facilitator-participant commu-
nication sometimes meant that text messages would be turned off
for participants for a period of time. Text message suspension in
these cases ranged from one day to the remainder of the program
year. In several cases, facilitators could not reach those making a
‘‘stop’’ request. These were participants who had both stopped
attending the TOP sessions and coming to the Boys & Girls Club
altogether. We were not able to reach them to document their rea-
sons for their ‘‘stop’’ request.
The PRM SMS system experienced occasional technical issues.
Across both program years, there were 28 PRM system-related
problems with the majority of the issues experienced in the fall
at the beginning of the program year (20 from Oct–Dec compared
to 8 from Jan–May). Of these 28 identiﬁed problems, 71% related to
message delivery (multiple duplicate messages sent to all partici-
pants), 14% were associated with message scheduling (messages
sent at the wrong time of day), 7% involved message content (trun-
cated messages), and 7% involved message status reporting (no
data recorded on whether message was sent). All problems were
corrected promptly, but may have affected data quality and accu-
racy, program ﬁdelity, and participant experience.4. Discussion
This study provides insight on the importance of youth involve-
ment in development of a text message program and on the utility
of tracking response frequency as one indicator of engagement in a
health related text-messaging program over time. Formative work
allowed youth to contribute to the development of the text mes-
sage library and message delivery sequencing. From the ﬁrst two
years of program implementation, we documented that 81.5% of
eligible participants responded to at least one bi-directional mes-
sage. This is an important ﬁnding illustrating engagement via text
message with large numbers of youth is possible. Data also help
elucidate information on who may engage with messages more
frequently—in this case, older teens, Hispanic teens, and females.
This suggests that audiences from these groups may be particularly
good candidates for SMS programming.
Regardless of demographics, identifying preference for message
type is an important ﬁnding of this work. Bi-directional messages
with questions and quiz features were popular across all groups,
suggesting that we can make our messages more engaging if there
are elements that allow for people to state preferences (such as
questions) or participate in a gaming element or to test/demon-
strate their knowledge (such as quizzes). This is one of the more
critical ﬁndings of this work, i.e. that success in SMS programming
for health can be increased when careful attention is paid to mak-
ing messages dynamic and bi-directional using these strategies.
We have identiﬁed no other study that has looked at preferences
for message type (e.g. question, quiz, poll) and content (e.g. gender
roles), and assert that this may be an important area for inquiry.
Participants also showed interest in topics relating to gender roles,
sexuality, relationships, values and volunteering, key curriculum
elements in the TOP curriculum.
While this paper focuses on measurement of engagement with
content, we do not demonstrate evidence that greater engagement
is associated with improved effect. There is evidence from previous
research on sexual and reproductive health using Facebook indi-
cating that positive short term effects in condom use for those
exposed to the intervention were realized regardless of the level
of interaction with program messages; in that study, only 10% of
those in the intervention group posted a response to messages
on Facebook, but the beneﬁts were observed in the whole
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not necessarily equate to a lack of engagement. Although there
have been numerous meta-analyses and syntheses of research
ﬁndings from programs employing text messaging [25–27], they
do not consider the question of whether more engagement with
bi-directional text messages results in greater beneﬁt, nor do they
assess whether the frequency or number of text messages is an
important predictor of outcomes. Of critical consideration then is
building empirical evidence about whether responding to
bi-directional SMS is positively associated with greater interven-
tion beneﬁt. Because the study we report on here is still underway
and we are still collecting data on behavioral outcomes, we were
not yet able to complete this analysis.
There are other studies that have considered the relationship
between level of text message response and program effect:
Lester et al., in Kenya, demonstrated using text messaging to sup-
port adherence to HIV medication in Africa that a bi-directional
weekly messages were more effective; and Pop-Eleches et al., also
doing work with text messaging and HIV medication adherence
showing that weekly messages are more effective than daily mes-
sages [28]. In this example then, fewer messages are more beneﬁ-
cial. Further research is needed to elucidate the relationship
between message frequency and behavioral outcomes.
Our data show a waning of response over time, suggesting mes-
sage fatigue with responses to messages declining over time in
both years. It was also harder to engage youth using Textfree via
computer and their response frequency were markedly lower than
those with a cell phone, suggesting that if a youth doesn’t have or
loses a phone, then the Textfree option is sub-optimal. This decline
in responses over time is similar to other work that shows a drop
off in response by physicians to electronic message alerts inside
the health record [29], suggesting we should limit expectations
for ongoing engagement with electronic messaging over time. In
this work, we observed declines after four months, suggesting
the most opportune time for soliciting responses in similar pro-
grams with youth could be in the early months of an intervention.
Some critical technical considerations include using a system to
automate and time the delivery of messages in bulk to multiple
participants. While it is certainly possible to generate individual
or even group messages from a single phone or computer, one
important opportunity we have with text messaging programs is
to deliver them at scale with large numbers of people.
Automation allows for this, while still maintaining the capacity
to tailor messages to participant characteristics (e.g., gender, age)
and to alter message delivery for various days of the week and
times of the day. We paid careful attention to schedule delivery
after school hours and before 9 pm. Another advantage of automa-
tion is the potential for easy replication and standardization of
material. If desired, we can easily re-program the delivery for a dif-
ferent set of telephone numbers to replicate the program with a
new audience.
Although the automation proved highly valuable, it was not
without technical difﬁculty, with occasional system-level failures
in message delivery. The potential for system failure underscores
the need for advanced technical support to implement text mes-
saging programs; if the system crashes or fails in some other
way, there must be a rapid response from staff with advanced
information technology expertise to avoid losing data, annoying
participants, or jeopardizing the system.
Another advantage of automation is the back-end data gener-
ated on delivery and responses. These data allow us to monitor
and review popular messages, enabling us to adapt or change mes-
sages to promote those that resonate more with the intended
audience.
There are limitations to this research. In attempting to charac-
terize engagement, we were able to document only whenmessages are delivered and when people respond to
bi-directional messages. The system we used does not capture data
on whether messages are read. Thus, response frequency does not
necessarily mean that messages are more or less effective; they are
perhaps only a limited indicator of interaction with our program.
As previously reported (Devine et al.), some youth reported being
shy about responding to messages in comparison to others.
Exposure to the text messages and associated changes in outcomes
related to sexual risk and school performance are the main out-
comes from the study that will be completed in 2015. While not
a primary research question, a post hoc analysis of the relationship
between frequency of response to bi-directional text messages and
program beneﬁt may shed more light on the degree of engagement
that may be necessary to realize program effects. Finally, because
we offered a modest incentive for participation, results aren’t gen-
eralizable to programs that do not offer incentive for participation.
5. Conclusions
The proliferation of research on SMS programs to address health
related behaviors and outcomes demonstrate these programs have
potential. In this paper, we identiﬁed response frequency to out-
bound messages as one potential aspect of engagement in a text
message program. Measurement of response frequency and identi-
ﬁcation of popular message types and preferences for message fre-
quency may prove useful metrics to determine if SMS program
effects can be mediated when these factors are modiﬁed.
Creating SMS programs for older teens, young women and
Hispanics could be particularly beneﬁcial, and paying careful
attention to making messages more interactive and dynamic
through the use of quizzes and questions is an important strategy
to improve SMS program delivery.
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